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To determine whether true obstruction to left ventricular 
ejection exists in patients with hypertrophic cardio-
myopathy and a subaortic gradient, pulsed Doppler 
echocardiography was used to analyze the patterns of 
left ventricular emptying in 50 patients with hyper-
trophic cardiomyopathy (20 with and 30 without evi-
dence of obstruction) and in 20 normal subjects. In ob-
structive hypertrophic cardiomyopathy, left ventricular 
ejection was characterized by early and rapid emptying 
(76 ± 14% of aortic flow velocity in the initial one-third 
of systole). The proportion of forward flow velocity oc-
curring before initial mitral-septal contact (and hence, 
by inference before the onset of the subaortic gradient) 
was variable, but averaged 58%. In contrast, the pro-
portion of forward flow velocity occurring after mitral-
septal contact (and, therefore, concomitant with the gra-
dient and increased intraventricular pressure) was con-
siderable, averaging over 40%. 
Mid-systolic impedance to left ventricular outflow was 
suggested by the rapid deceleration in aortic flow velocity 
concomitant with mitral-septal contact and premature 
partial aortic valve closure. Furthermore, left ventric-
ular ejection was prolonged (384 ± 40 ms) and the ven-
tricle continued to empty and shorten during the period 
when both the pressure gradient and markedly increased 
intraventricular pressures were present. In 16 of 20 pa-
In many patients with hypertrophic cardiomyopathy, mark-
edly increased systolic pressure and a gradient may be re-
corded within the left ventricle (1-6). For the past 25 years 
such a dynamic subaortic gradient has usually been regarded 
as constituting obstruction to left ventricular emptying ( 1-14), 
Furthermore, based on the assumption that abolition of the 
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tients, a relatively small second peak in flow velocity 
appeared in late systole. Since marked systolic anterior 
motion of the mitral valve was still present, the late 
systolic portion of forward flow velocity also appeared 
to be largely ejected during imposition of a mechanical 
impediment to outflow. 
In contrast, patients with nonobstructive hyper-
trophic cardiomyopathy showed no evidence of imped-
ance to left ventricular ejection. Aortic flow velocity 
waveforms were similar to those of normal subjects, with 
flow persisting to aortic valve closure; significant mitral 
systolic anterior motion and partial mid-systolic aortic 
valve closure were absent, and the systolic ejection pe-
riod was normal (303 ± 27 ms). 
It is concluded that in hypertrophic cardiomyopathy: 
I) systolic anterior motion of the mitral valve produces 
a mechanical obstruction to left ventricular emptying, 
and a considerable portion of the stroke volume is irppeded 
in its egress from the left ventricle; 2) the subaortic 
gradient appears to be of pathophysiologic importance 
because the left ventricle continues to contract in the 
presence of markedly increased intraventricular pres-
sures; and 3) left ventricular ejection characteristics dif-
fer markedly between patients with and without mitral 
systolic anterior motion or a subaortic gradient. 
() Am Coli CardioI198S;6:1-1S) 
gradient and normalization of intraventricular pressures are 
beneficial, operation (ventricular septal myotomy-myec-
tomy or myotomy) has been performed in several hundred 
severely symptomatic patients (14-19), However, other in-
vestigators (20-26) have proposed that such a gradient does 
not constitute true obstruction or impedance to left ventric-
ular outflow, but is actually a result of a hypercontractile 
state in which ejection is completed prematurely; hence, 
they (21,23,25,27 ,28) have questioned the rationale of an 
operative intervention designed to relieve obstruction, To 
further examine this issue we utilized pulsed Doppler echo-
cardiography to define aortic, left ventricular and left atrial 
flow velocity and its relation to mitral and aortic valve 
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motion and to left ventricular dynamics in patients with 
obstructive* or nonobstructive hypertrophic cardiomyopathy. 
Methods 
Patient Characteristics 
Selection of patients. The study group consisted of 50 
nonconsecutively selected patients with hypertrophic car-
diomyopathy, evaluated in the inpatient and outpatient ser-
vices of the National Heart, Lung, and Blood Institute, 
Bethesda, Maryland from June to November 1983. For in-
clusion into the study group the patients were required to 
demonstrate high-quality ultrasound recordings of the fol-
lowing (as described in detail later): I) flow velocity in the 
ascending aorta; 2) mitral and aortic valve motion; and 3) 
left ventricular transverse cavity dimension. 
The basic criterion used for the diagnosis of hypertrophic 
cardiomyopathy was the demonstration by echocardiog-
raphy of a markedly hypertrophied but nondilated left ven-
tricle, in the absence of another cardiac or systemic disease 
capable of producing left ventricular hypertrophy (29). In 
addition, each patient showed characteristic symptoms or 
the typical hemodynamic or angiographic features of hy-
pertrophic cardiomyopathy, or both (l,5 ,30-3 7). 
Hemodynamic classification. Of the 50 patients, 34 had 
undergone cardiac catheterization with direct measurement 
of left ventricular and systemic arterial pressures (an average 
of 3.5 years before this study; in 18 patients the interval 
was <2 years). Care was taken to exclude the possibility 
that an elevated intraventricular pressure was artifactually 
produced by entrapment of the left ventricular catheter in 
areas of the ventricle that became obliterated during systole 
(2,3). Criteria used to exclude the possibility of catheter 
entrapment included verification that the catheter tip was 
freely mobile in a blood-filled area of the left ventricular 
cavity, that is, blood could be withdrawn from the catheter 
throughout the cardiac cycle-and left ventricular systolic 
pressure decreased normally at or before the dicrotic notch 
of the systemic arterial pressure contour (3). 
In the other 16 patients, catheterization was not per-
formed and the subaortic gradient was estimated from the 
magnitude and duration of systolic anterior motion of the 
mitral valve on M-mode electrocardiogram (12,36,38). 
Combined M-mode and two-dimensional echocardiographic 
studies (39,40) showed mitral systolic anterior motion to be 
produced primarily by the distal portions of the mitral valve 
apparatus (with or without attached chordae tendineae), that 
is, either the anterior or posterior leaflets alone, or most 
~Although we ~ecognize that one objective of the investigation was to 
c1anfy the appropnateness of the tenns "obstructive" and "nonobstruc-
tive," we have nevertheless employed this tenninology throughout this 
report for convenience because we believe our results justify their use, and 
also because the association of "obstruction" and "gradient" is currently 
conventionally accepted. 
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often both mitral leaflets (40). Hence, each study patient 
was classified into a hemodynamic subgroup in accordance 
with the measured or estimated subaortic gradient under 
basal conditions: 
Obstructive (20 patients): Basal subaortic gradient of 
30 mm Hg or more at cardiac catheterization (in 16 patients) 
or substantial mitral systolic anterior motion; systolic an-
terior motion resulted in prolonged mitral-septal apposition 
encompassing 35% or more of echocardiographic systole 
(I5 patients) or brief mitral-septal contact (2 patients) or 
near apposition of the mitral valve and septum 'with a mitral-
septal distance of I to 3 mm (3 patients). 
Nonobstructive (30 patients): No basal subaortic gra-
dient or a gradient of less than 30 mm Hg at cardiac cath-
eterization (in 18 patients) or no or mild mitral systolic 
anterior motion with a mitral-septal distance of 5 mm or 
more (in all 30 patients). 
Clinical findings. The 50 study patients ranged in age 
from 7 to 57 years (mean 32); 27 (54%) were male. Twelve 
patients were asymptomatic, 19 had mild functional limi-
tation (New York Heart Association functional class II) and 
19 had moderate to severe limitation (functional classes III 
and IV). Patients in the obstructive and nonobstructive groups 
did not differ significantly with respect to age, symptomatic 
state or medical therapy, although patients with obstructive 
hypertrophic cardiomyopathy were more often female (Ta-
ble I). Twenty asymptomatic subjects without evidence of 
cardiovascular disease served as control subjects. These in-
dividuals were 16 to 36 years of age (mean 22); II were 
male. 
Doppler Echocardiography 
Ultrasound system. All ultrasound studies were per-
formed with patients supine, at rest and with quiet respi-
ration. A commercially available ATL MK-500 ultrasound 
system (Advanced Technology Laboratory, Inc.) was uti-
lized to perform each of the studies. This instrument com-
bines a pulsed Dopper flow analyzer with a 3.0 mHz, 13 
mm in diameter, on-line, two-dimensional wide-angle (90°) 
mechanical sector scanner for imaging. The transducer could 
be stopped along any line within the image. Furthermore, 
for the purpose of range-gated Doppler velocimetry, it was 
possible to position the sample volume at any point along 
the cursor line and at any depth up to 16 cm along that line. 
Doppler shift was detected only in that region occupied 
by the sample volume. Dimensions of the sample volume 
at the depths utilized to assess ascending aorta flow velocity 
were 3 mm (length) x 1.5 mm (diameter) x 1.5 mm 
(depth). At 16 cm depth, the sample volume was teardrop-
shaped, 7 x 1.5 x 1.5 mm. The highest velocity that could 
be measured with this instrument was 2.5 mls at a depth of 
3 cm, but only about 1.5 mls at the depth usually required 
to obtain ascending aorta flow velocity. 
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Table 1. Comparison of Clinical. Hemodynamic and Echocardiographic Data in Patients With 
Obstructive or Nonobstructive Hypertrophic Cardiomyopathy 
Obstructi ve Nonobstructive 
No. of patients 20 30 
Age (yr) (mean and range) 30 (7 to 57) 33 (15 to 55) 
Sex (% male) 40 66 
% with symptoms 85 70 
% with marked symptoms* 45 33 
% taking medications at time of study 65t 50:j: 
Ventricular wall thickness (M-mode study)§ 
Septum (mm) 24.1 ± 511 22.5 ± 5 
Posterior free wall (mm) 12.6 ± 211 11.4 ± 5 
Septal to free wall ratio ~ 2.0 ± 0.5 2.0 ± 0.6 
Subaortic gradient (at catheterization) 
(mean and range in mm Hg) 
Basal 75 (30 to 130) I (0 to 20m 
Provoked 105 (70 to 150)** 28 (0 to 90):j::j: 
*New York Heart Association functional class III or IV. tPropranolol or atenolol in 8 patients and verapamil 
in 5. :j:Propranolol or atenolol in 10 patients and verapamil in 5. §Maximal thickness of the ventricular septum 
on M-mode echocardiography. measured just before atrial systole (with the ultrasound beam directed through 
or distal to the mitral leaflet tips). Posterior free wall thickness measured just before atrial systole. with the 
ultrasound beam passing through the mitral leaflets; Ilwall thicknesses in obstructive hypertrophic cardiomyopathy 
is significantly greater (p < 0.05) than in nonobstructive hypertrophic cardiomyopathy. ~Septal to free wall 
thickness ratio 2: 1.3 in 49 of the 50 patients. The remaining patient (with nonobstructive hypertrophic cardio-
myopathy) had nonnal ventricular wall thicknesses on M-mnde echocardiogram. but substantial anterolateral 
free wall hypertrophy identified by two-dimensional echocardiography (37). **Valsalva maneuver. amyl nitrite 
inhalation or isoproterenol infusion in six patients. ttIncludes 16 patients with zero gradient and two patients 
with a small gradient of 5 and 20 mm Hg. respectively. :j::j:Provocative interventions perfonned in 17 patients. 
Includes 5 patients with a substantial provocable gradient of 50 to 90 mm Hg and 12 patients with no or a 
small provocable gradient of 0.::35 mm Hg; hence. the latter 12 patients represent nonobstructive hypertrophic 
cardiomyopathy with no significant gradient elicited either at rest or with provocation. 
Doppler output was available as an audio signal and as 
a spectral display of the flow velocity waveform. The spectral 
displays were developed by subjecting the Doppler signal 
to electronic fast Fourier transform analysis with sampling 
at 5 ms intervals and division of the signal into 128 fre-
quency bins. Waveforms appeared as a compact composi-
tion of small individual gray or black blocks and were dis-
played simultaneously on a monitor with a lead II 
electrocardiogram and a phonocardiogram and recorded on 
a strip-chart recorder at a paper speed of 100 mm/s. 
Ascending aorta flow velocity recordings. Forward 
aortic flow velocity was recorded by placing the transducer 
head (external contact area 1.5 cm2) in the suprasternal notch 
with the patient's neck arched backward. The Doppler sam-
ple volume was positioned within the aortic lumen (mid-
way between the aortic walls) under direct visualization 
utilizing simultaneous imaging with two-dimensional echo-
cardiography. We considered the optimal site for the sample 
volume to be in the ascending aorta I to 2 cm above the 
aortic valve, corresponding to a depth of 5 to 9 cm from 
the interface of the skin surface with the scanhead (Fig. I). 
The highest frequency audio signal and the maximal systolic 
flow velocity was usually identified in this region of the 
aorta. In each patient, the timing, form and duration of the 
flow velocity curve was consistent at several sites throughout 
the ascending aorta; therefore, the curve chosen for data 
analysis was considered to be representative of aortic flow 
velocity in each individual patient. In particular, we avoided 
making observations in the transverse aortic arch or at the 
junction of ascending and transverse aorta near the medial 
aortic wall and right pulmonary artery. The sample volume 
was also positioned to attain the smallest possible angle 
between the presumed vector of aortic blood flow and the 
orientation of the ultrasound beam (cursor line); this angle 
was estimated to be 0° or less than 20° in each instance. 
In each patient an attempt was made to achieve a Doppler 
signal reflecting the most laminar and undisturbed aortic 
flow. Such a flow velocity recording was characterized by 
a narrow frequency band pattern (maximal width <0.5 
KHz) with the least possible frequency dispersion, forming 
a distinct, "envelope." Identification of a narrow frequency 
band was aided by recognition of a high-pitched whistling 
sound signifying that the sample volume was within the 
aortic lumen and parallel to aortic flow. When a suitable 
and highly reproducible flow velocity contour was achieved, 
at least I 0 beats were recorded. In particular, we required 
that the downslope of the flow velocity waveform be as 
narrow and discrete as possible to permit an accurate as-
sessment of the timing relation of the end-systolic portion 
of the curve to the aortic closing component of the second 
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Figure 1. Stop-frame two-dimensional echocardiograms showing 
positions of the range-gated Doppler sample volumes utilized to 
obtain flow velocity waveforms. Registration of the sample volume 
within the ultrasound beam is shown as the short white horizontal 
line enclosed by the broken circle. A and B, Aorta (Ao) imaged 
from suprasternal notch window. Cursor line is positioned parallel 
to the assumed blood flow vector in the ascending aorta. C, Left 
ventricular cavity imaged in apical four chamber view with sample 
volume positioned just distal to the mitral valve. D, Left ventricle 
imaged in the apical "right anterior oblique equivalent" view with 
the sample volume in the outflow tract just below the aortic (Ao) 
valve. Des = descending; LA = left atrium; LCA = left carotid 
artery; LSA = left subclavian artery; MV = mitral valve; RPA 
= right pUlmonary artery; Trans = transverse; VS = ventricular 
septum. 
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heart sound (defined as the first positive high frequency 
deflection of the second heart sound). 
The Doppler technique measures instantaneous flow ve-
locity, but not volumetric flow. Therefore, quantitative mea-
surement of absolute blood flow, cardiac output or stroke 
volume are not part of this investigation. However, changes 
in direction and rate of aortic flow velocity identified by the 
Doppler technique appear to represent reliable estimates of 
the aortic flow pattern, since it is reasonable to assume that 
the flow profile is uniform (that is, blunt) across the as-
cending aorta (24,41,42) and that changes in the cross-
sectional area of the aorta during systole are relatively small 
(43). Our M-mode echocardiographic measurements in the 
50 study patients with hypertrophic cardiomyopathy showed 
only a 7 ± 5% change in transverse aortic dimension during 
systole, by comparing the dimension at end-diastole (time 
of peak R wave on electrocardiogram, 29 ± 4 mm) with 
the dimension at end-systole (time of aortic valve closure 
on phonocardiogram, 31 ± 4 mm). There was also no 
significant difference in the absolute end-diastolic aortic 
dimension (28 ± 5 versus 29 ± 4 mm) or percent change 
of aortic dimension (71 ± 6% versus 6.9 ± 5%) between 
patients with obstructive or nonobstructive hypertrophic 
cardiomyopathy. 
Several measurements were made on the flow velocity 
curve to express the waveform in such a way as to permit 
comparisons between patients and groups of patients (Fig. 
2). Peak flow velocity was calculated (in cm/s) at the mid-
point of the Doppler flow spectrum at the time of maximal 
Doppler shift. Also, the following measurements were made 
(in ms) from the maximal positive deflection of the QRS 
complex on electrocardiogram (peak of R wave) to the time 
of: I) onset of flow velocity; 2) peak flow velocity; and 3) 
return of flow velocity to zero baseline. Acceleration time 
was defined as the time from the onset to the peak flow 
velocity. 
Figure 2. Measurements used in this study. A, Normal 
ascending aorta flow velocity waveform recorded si-
multaneously with phonocardiogram and electrocar-
diogram; Doppler shift in kHz on the ordinate and time 
on the abscissa. I = time from R wave to onset of 
flow velocity; 2 = acceleration time from onset to 
peak velocity; 3 = R wave to peak velocity; and 4 = 
duration of the flow velocity curve. B, Normal aortic 
valve echogram showing duration of ejection time (ar-
row). C, Mitral valve echogram showing systolic an-
terior motion of the mitral valve. Time from R wave 
to: 1 = point at which the mitral valve comes within 
5 mm of the ventricular septum (VS); 2 = onset of 
mitral valve-septal contact; and 3 = termination of 
mitral-septal contact. LA = left atrium; PW = pos-
terior wall; RVOT = right ventricular outflow tract; 
S, and S2 = first and second heart sounds. 
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Other measurements were made by inferring that the area 
under the aortic flow velocity waveform (systolic velocity 
integral) was a reasonable estimate of forward stroke volume 
(44--48). The flow velocity contour was reproduced by drawing 
a continuous line through the mid-point of the gray scale 
spectral display (approximating the mean velocity). The 
duration of the waveform (including any portions that re-
turned to zero baseline) was divided into equal halves (and 
thirds) and the area under the curve in each segment was 
derived using a video planimetric system. Similarly, we 
calculated the area under the curve that preceded the time 
of initial mitral-septal contact or the time when the mitral 
valve closely approached (within 5 mm) the ventricular 
septum. 
Left ventricular How velocity. Flow velocity records 
were also obtained in two sites within the left ventricle to 
assess the timing and proportion of flow velocity throughout 
the systolic ejection period (Fig. I). Flow velocity in the 
mid-left ventricular cavity was recorded by visualizing the 
heart in the apical four chamber view and positioning the 
sample volume in the center of the cavity just distal to the 
mitral leaflets. 
It was also often possible to achieve a technically sat-
isfactory flow velocity recording in the left ventricular out-
flow tract by rotating the transducer clockwise from the 
apical four chamber view so that the ultrasound beam was 
approximately parallel to the ventricular septum, permitting 
simultaneous visualization of the aorta and left ventricular 
outflow tract. The sample volume was then positioned equi-
distant between septum and mitral valve, just below the 
aortic valve. In most patients with obstructive hypertrophic 
cardiomyopathy, the outflow tract proved to be too narrow 
to permit a reliable flow velocity recording throughout sys-
tole, although satisfactory tracings were obtained in three 
patients. 
Left atrial How velocity. To identify mitral regurgita-
tion, the left atrium was systematically interrogated by the 
Doppler sample volume under direct anatomic visualization 
with two-dimensional echocardiography (in both apical four 
chamber and parasternal long-axis views). Mitral regurgi-
tation was identified audibly by the harsh, multiple fre-
quency systolic sound of disturbed flow and recorded on 
the spectral display as a broad band of frequency compo-
nents. The severity of mitral regurgitation was estimated 
qualitatively (I to 4 +) on the basis of location and distri-
bution of the abnormal systolic flow within the left atrium 
(49). 
M-mode Echocardiography 
M-mode echocardiography was performed immediately 
after each Doppler study. Recordings were obtained by di-
rectly visualizing cardiac anatomy with two-dimensional 
echocardiography (in the parasternal long-axis view) and 
then positioning the cursor line through either the aortic 
valve leaflets or the distal margins of the mitral leaflets. To 
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achieve a recording of maximal mitral systolic anterior mo-
tion, the mitral valve was thoroughly scanned medial and 
lateral, cephalad and caudad. 
In patients with obstructive hypertrophic cardiomyopathy 
the following measurements were made (Fig. 2) from the 
peak of the R wave to the time when: I) initial contact 
between the mitral valve and ventricular septum occurred; 
2) mitral-septal contact terminated; 3) the mitral valve came 
within 5 mm of the septum; 4) minimum transverse (minor 
axis) left ventricular dimension was achieved at a level just 
distal to the mitral valve tips; and 5) partial mid-systolic 
closure of the aortic valve occurred (50). 
The degree of partial mid-systolic aortic valve closure 
was expressed by measuring the maximum and minimum 
dimensions of the opened aortic valve, and calculating the 
percent change in transverse leaflet separation. Ejection time 
was measured using the aortic valve echogram, from initial 
leaflet separation at onset of systole to valve closure. 
Temporal Relation Between Aortic Flow Velocity 
and Cardiac Events 
Relations in the timing of aortic flow velocity to mitral 
systolic anterior motion, partial mid-systolic aortic valve 
closure, left ventricular cavity shortening and mitral regur-
gitation were assessed in each patient with obstructive hy-
pertrophic cardiomyopathy. These comparisons were achieved 
by matching the cycle length preceding the analyzed beats 
on the Doppler and echocardiographic records as closely as 
possible (within 6% in 18 patients and within 3% in 15 of 
these patients). No significant differences were evident in 
mean values for the timing of events, whether cycle lengths 
were matched to 3% or less or 6% or less, or all patients 
were analyzed. Therefore, we have chosen to report the 
timing data for the overall group of 20 patients with ob-
structive hypertrophic cardiomyopathy. 
To compare the timing of events between patients, each 
time interval was corrected for heart rate by dividing by the 
square root of the cycle length (RR interval). Composite 
flow velocity waveforms were then constructed for each of 
the three patient subgroups. 
Carotid Artery Pulse 
External carotid artery tracings were obtained to measure 
ejection time and assess pulse contour (frequency response 
of phonographic module = 0.05 to 250 Hz with virtually 
zero time delay; time constant >3.4 seconds). Ejection time 
was measured from the initial sharp upstroke to the maximal 
downward deflection (at the dicrotic notch) and corrected 
for heart rate by dividing by the square root of the cycle 
length. 
Simultaneous Doppler and Hemodynamic Studies 
In four patients with obstructive hypertrophic cardio-
myopathy, aortic flow velocity and basal left ventricular and 
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systemic arterial pressures were obtained simultaneously in 
the catheterization laboratory. Left ventricular pressure was 
measured with a 7F end-hole catheter connected to a Statham 
23 Db transducer. Simultaneous brachial artery pressure was 
measured with a twenty 4 inch (10.2 cm) Teflon catheter. 
Pressure and flow velocity tracings were recorded at 100 
mm/s, appropriate beats were matched and simultaneous 
events were analyzed. The onset of a clinically significant 
pressure gradient was arbitrarily taken at the point where 
the left ventricular and arterial pressures first diverged by 
20 mm Hg. The small signal delays inherently present be-
tween left ventricular and distal arterial pressure recording 
sites as well as the delay intrinsic to fluid-filled catheter 
systems (about 10 ms) were compensated for by shifting 
the arterial pressure tracing leftward so that its initial pres-
sure increase coincided with the upstroke of the left ven-
tricular pressure tracing. In addition, the point at which the 
left ventricular and systemic arterial pressure tracings crossed 
(onset of aortic ejection) were temporally matched with the 
initial upstroke of the flow velocity curve detected by Dop-
pler echocardiography just distal to the aortic valve. 
Figure 3. Composite of seven Doppler flow velocity waveforms 
from a normal subject (A), a patient with nonobstructive hyper-
trophic cardiomyopathy (HCM) (B) and five patients with obstruc-
tive hypertrophic cardiomyopathy (C to G). The point in systole 
where the Doppler waveform returns to zero baseline is indicated 
by an arrow. The timing and contours of flow velocity in the 
normal subjects and the patients with nonobstructive hypertrophic 
cardiomyopathy are similar, with flow clearly persisting to aortic 
valve closure. In obstructive hypertrophic cardiomyopathy, flow 
velocity may occasionally return to zero baseline before aortic 
valve closure (C and D) or more often show a "bifid" flow velocity 
profile with evidence of late systolic flow persisting to aortic valve 
closure in the form of a second peak (*) (E to G). The distance 
between horizontal calibration lines represents a Doppler shift of 
1.0 kHz; the small vertical time lines at bottom are 40 ms apart. 
Simultaneous phonocardiogram and lead II electrocardiogram are 
at bottom. S2 = second heart sound. 
Statistical Analyses 
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Differences in the means of patient groups were tested 
utilizing either the Student's t test or the one-way analysis 
of variance (51) (when three groups were compared). Values 
are reported as mean :± 1 standard deviation. Certain re-
lations between the timing of mitral systolic anterior motion 
and aortic flow velocity were analyzed by the method of 
linear regression. 
Results 
Normal control subjects. Ascending aorta flow veloc-
ity waveforms were similar in each of the 20 control subjects 
(Fig. 3A and 4). Flow velocity began at 94 :± 14 ms after 
the R wave, increased rapidly to a peak velocity (87 :± 2 
cm/s) in early to mid-systole (at 195 :± 19 ms) and then 
decreased smoothly and gradually, reaching zero baseline 
at aortic valve closure; duration of the flow velocity curve 
was 277 :± 21 ms. The largest proportion of the integral 
of the aortic flow velocity curve (63 :± 5%) occurred in the 
first one-half of the systolic ejection period. When systole 
was divided into thirds, the largest fraction of the area under 
the curve (the systolic velocity integral) was in the middle 
third (46 :± 5%) compared with the initial (37 :± 5%) and 
last (17 :± 4%) third (Fig. 5). 
Mean carotid ejection time was 313 :± 13 ms (range 280 
to 332) (Fig. 6), and was similar to that derived from the 
aortic valve echogram (316 :± 19 ms) (Fig. 2B). 
Nonobstructive hypertrophic cardiomyopathy. Aor-
tic flow velocity waveforms were similar in each of the 30 
patients with nonobstructive hypertrophic cardiomyopathy 
and did not differ from those of normal subjects with regard 
to timing or contour (Fig. 3B and 4). Flow velocity began 
at 89 :± 14 ms after the R wave, increased rapidly to a 
peak velocity (87 :± 2 cm/s) in early to mid-systole (at 183 
:± 36 ms) and then decreased gradually, reaching zero base-
line at the time of aortic valve closure; flow duration was 
270 :± 25 ms. In addition, the fraction of the integral of 
,'-.-'./'0',/ . "~:''''''''''''''''''' ... 
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Figure 4. Composite flow velocity wave-
fonns obtained in the ascending aorta from 
patients with obstructive or nonobstructive hy-
pertrophic cardiomyopathy (HCM) and nonnal 
subjects. Each curve represents a true quan-
titative average of the contour and timing of 
all wavefonns in that particular subgroup of 
patients. 
100 
the aortic flow velocity curve present in the first half (65 
± 8%) or in the first (39 ± 9%), middle (45 ± 6%) or 
last (16 ± 6%) third of the systolic ejection period did not 
differ significantly from that in normal subjects (Fig. 5). 
Flow velocity waveforms obtained in the left ventricular 
cavity or outflow tract in 23 patients were similar in timing 
and contour to those from the ascending aorta and dem-
onstrated flow persistent to aortic valve closure (Fig. 7). 
The aortic valve echogram was normal in 25 patients, 
with both leaflets opening widely at the onset of systole and 
remaining in close proximity to their respective aortic walls 
until closure (Fig. 8A). Five other patients showed relatively 
mild degrees of brief mid-systolic partial closure (Fig. 8B 
and C). In 26 patients no mitral regurgitant jet was detected; 
4 other patients showed particularly mild mitral regurgita-
tion, identified only at the mitral orifice. 
Figure 5. Fraction of forward flow velocity detected in the as-
cending aorta in the first, second and last thirds of the systolic 
ejection period. Comparisons are made between patients with ob-
structive and non obstructive hypertrophic cardiomyopathy (HCM), 
and nonnal subjects. 
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- OBSTRUCTIVE HCM 
-.-.- NONOBSTRUCTIVE HCM 
msec after R wave 
Mean carotid ejection time was 303 ± 27 ms (range 283 
to 351) and did not differ significantly from that in normal 
subjects. In 28 of the 30 patients with nonobstructive hy-
pertrophic cardiomyopathy, ejection time was less than 340 
ms (Fig. 6 and 9). There was no significant difference be-
tween ejection times calculated from the carotid pulse or 
from the aortic valve echogram (317 ± 24 ms). 
Obstructive hypertrophic cardiomyopathy. Aortic flow 
velocity waveforms were distinctly abnormal (Fig. 3C to 
G) in each of the 20 patients with obstructive hypertrophic 
cardiomyopathy and differed markedly from those in pa-
tients with nonobstructive hypertrophic cardiomyopathy or 
normal subjects (Fig. 4). In patients with obstructive hy-
pertrophic cardiomyopathy, flow velocity began at 87 ± 
18 ms, but increased more sharply and reached a peak (90 
± 3 cm/s) earlier in systole (155 ± 31 ms). Hence, ac-
celeration time was shorter in patients with obstruction (68 
± 22 ms; p < 0.01) than in those without obstruction (95 
± 30 ms) or in nonilal subjects (103 ± 17 ms) (Fig. 10). 
In mid-systole, flow velocity decreased abruptly and rapidly 
to zero baseline (at 256 ± 38 ms). This deceleration time 
was also shorter in patients with obstruction (101 ± 25 ms; 
p < 0.00 I) than in those without obstruction (177 ± 31 
ms) or in normal subjects (180 ± 24 ms) (Fig. 10). 
A "bifid" flow velocity pattern was present in 16 of 20 
patients; in these patients a second peak was identified in 
late systole after the Doppler signal returned to baseline . 
This second peak constituted a relatively small fraction of 
overall forward flow velocity (22 ± 5%), but extended the 
velocity curve to or just before aortic valve closure (Fig. 
3E to G). In 7 of these 16 patients the late systolic peak 
was a constant finding and appeared in virtually every beat 
recorded; in 9 patients the second peak was inconstant, but 
was identified in the majority of beats. Duration of the flow 
velocity curve in patients with obstructive hypertrophic car-
diomyopathy and a "bifid" pattern (321 ± 26 ms) was 
significantly longer than in patients with nonobstructive hy-
pertrophic cardiomyopathy (270 ± 25 ms; p < 0.001). In 
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Figure 6. Corrected ejection time (ETc) obtained from the external 
carotid pulse in patients with obstructive (n = 20) or nonobstruc-
tive (n = 30) hypertrophic cardiomyopathy (HCM) and in 20 
normal subjects. -e- = mean values. NS = not significant. 
the remaining four patients with obstructive hypertrophic 
cardiomyopathy, a second late systolic peak was not de-
tected and the Doppler signal returned to baseline in mid-
systole (Fig. 3C and D); flow velocity was detectable for 
52 ± 11 % of the systolic ejection period. 
Compared with patients with nonobstructive hyper-
trophic cardiomyopathy or normal subjects, patients with 
obstructive hypertrophic cardiomyopathy showed a signif-
icantly greater fraction of the integral of the aortic flow 
velocity curve to occur in the first half (91 ± 10%) or first 
third (76 ± 14%) of the systolic ejection period (p < 0.001) 
(Fig. 5). 
Flow velocity was assessed in the mid-left ventricular 
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Figure 7. Doppler flow velocity waveforms from the left ven-
tricular outflow tract (L VOT) of a patient with nonobstructive 
hypertrophic cardiomyopathy (HCM) (left panel), the mid-left 
ventricular (LV) cavity of a patient with nonobstructive hyper-
trophic cardiomyopathy (center panel) and mid-left ventricular 
cavity of a patient with obstructive hypertrophic cardiomyopathy 
(right panel), In each instance flow velocity is continuous until 
aortic valve closure (arrow). Flow velocity is depicted negative 
to zero baseline because the direction of flow is away from the 
scan head. Simultaneous phonocardiogram and lead II electrocar-
diogram are shown below. Vertical black bars are time markers. 
cavity in 17 patients, and in 13 showed a smooth waveform 
with peak flow in early to mid-systole and flow persisting 
throughout systole to aortic valve closure (Fig. 7). This 
contour was similar to that identified in the mid-left ven-
tricular cavity (Fig. 7), outflow tract (Fig. 7) or ascending 
aorta (Fig. 3B) of patients with nonobstructive hypertrophic 
cardiomyopathy. In the other four patients, mid-left ven-
tricular flow velocity was abbreviated, reaching zero base-
line at 55 to 83% (mean 66) of the overall systolic ejection 
period. In three patients, Doppler recordings in the left 
ventricular outflow tract showed a flow velocity curve con-
tinuous to aortic valve closure; accurate assessment of the 
mid-systolic contour was not possible because of frequency 
aliasing. 
Mitral regurgitation was identified in 14 of the 20 pa-
tients and was mild in 9 (detectable only just behind the 
mitral orifice) and moderate in 5; no regurgitant jet was 
discernible in the other 6 patients. 
Mean carotid ejection time was 384 ± 40 ms (range 302 
to 445; >340 in 17 patients) and was substantially greater 
than in patients with nonobstructive hypertrophic cardio-
myopathy (303 ± 27 ms) or normal subjects (313 ± 13 
ms; p < 0.001) (Fig. 6). There was no significant difference 
between carotid and aortic valve (383 ± 31 ms) ejection 
times. In 18 of the 20 patients the carotid pulse had a "spike 
and dome" contour (Fig. 9). 
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Figure 8. Aortic valve echograms from three pa-
tients with nonobstructive hypertrophic cardio-
myopathy (A, B and C) and a patient with ob-
structive hypertrophic cardiomyopathy (D). A, 
Normal aortic valve (A V) opening and closing 
with a typical "boxlike" configuration. Band C 
show a minor mid-systolic posterior deflection 
("notch") produced by the anterior (right) coro-
nary cusp (arrows). D, Aortic valve opens widely 
at the onset of systole but both the anterior (right) 
and posterior (noncoronary) cusps show partial 
mid-systolic closure producing substantial reduc-
tion in the transverse dimension between leaflets 
that persists through late systole (arrowheads). 
In each patient the aortic valve remains open 
until the second heart sound (S2), reflecting 
persistent forward aortic flow. Abbreviations as 
in Figure 2. 
Temporal relation between aortic flow velocity and 
cardiac events in obstructive hypertrophic cardiomy-
opathy. Systolic anterior motion of the mitral valve, As 
aortic flow velocity neared its peak, the mitral valve closely 
Figure 9. Characteristic external carotid artery tracings in non-
obstructive and obstructive hypertrophic cardiomyopathy. Left, In 
nonobstructive hypertrophic cardiomyopathy, the pulse contour 
and the corrected ejection time (330 ms) are normal. Right. In 
obstructive hypertrophic cardiomyopathy, a "spike and dome" (*) 
contour is present and the corrected ejection time is markedly 
prolonged (400 ms), Dicrotic notch, reflecting aortic valve closure, 
is indicated by an arrow. Simultaneous phonocardiograms and 
lead II electrocardiograms are shown below. S2 = second heart 
sound. 
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approached the septum (Fig. 11). Initial mitral-septal con-
tact (183 ± 39 ms) occurred just after the peak of aortic 
flow velocity (155 ± 31 ms) and coincident with the abrupt 
and rapid deceleration in mid-systolic flow velocity (Fig. 
II). Mitral-septal apposition was prolonged, persisting to 
348 ± 43 ms after the R wave for 45 ± 13% of echocar-
diographic systole (Fig, 12), 
Left ventricular ejection was early and rapid; 22 ± 16% 
of the forward aortic flow velocity integral occurred before 
the mitral valve came within 5 mm of the septum in systole; 
58 ± 23% before initial mitral-septal contact. These data 
Figure 10. Acceleration and deceleration times (corrected for heart 
rate) calculated from the aortic flow velocity waveform in patients 
with obstructive or nonobstructive hypertrophic cardiomyopathy 
(HeM) and normal subjects. 
200 
I p<O.OO1 I 
r-p<O.OO1---,~NS----, 
I p<O.OO1 I 
,-p<O.OO1----,~NS----, 
10 MARON ET AL. 
OBSTRUCTION IN HYPERTROPHIC CARDIOMYOPATHY 
Figure 11. Timing relation of aortic flow velocity to 
systolic anterior motion (SAM) of the mitral valve, par-
tial mid-systolic aortic valve closure, left ventricular (LV) 
cavity shortening and mitral regurgitation (MR) in 20 
patients with obstructive hypertrophic cardiomyopathy. 
Time intervals shown represent mean values for the pa-
tient group corrected for heart rate. A "bifid" flow ve-
locity pattern is depicted because it was detected in all 
but four patients. The onset of mitral systolic anterior 
motion shown here was arbitrarily taken as the time when 
the mitral valve came within 5 mm of the septum. A2 
= the aortic valve closure component of the second heart 
sound. 
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show that there is considerable patient to patient variation 
in the amount of aortic flow velocity occurring before sys-
tolic anterior motion of the mitral valve. This variation 
appeared to be due primarily to the fact that the fraction of 
aortic flow velocity occurring before mitral systolic anterior 
motion was directly related to the time from onset of mitral 
systolic motion to initial mitral-septal contact (r = 0.78; p 
< 0.(01). Hence, the later mitral-septal contact occurred 
in systole, the greater was the proportion of the forward 
flow velocity integral evident before mitral-septal contact. 
Mitral regurgitation. The onset of mitral regurgitation 
was delayed, appearing about 110 ms after the first heart 
sound, 153 ± 52 ms after the R wave and just before initial 
mitral-septal contact (183 ± 39 ms) (Fig. 11 and 12). Mitral 
regurgitation terminated at about the time mitral-septal con-
tact ceased (346 ± 54 ms). 
Aortic valve motion. Partial mid-systolic aortic valve 
closure occurred (163 ± 61 ms) shortly before the onset of 
mitral-septal apposition (Fig. 8D and 11). Thereafter, the 
aortic valve remained open with a markedly reduced but 
relatively constant transverse dimension between leaflets 
(mean 53%; range 30 to 80) until the time of complete 
closure. These alterations in leaflet separation were due to 
partial closure of both the right (anterior) and noncoronary 
(posterior) leaflets (Fig. 8D) or of only one leaflet. 
Left ventricular cavity. Minimum transverse left ventric-
ular cavity dimension occurred 363 ± 56 ms after the R 
wave, just after termination of mitral-septal contact (348 ± 
43 ms) (Fig. 11). Hence, the left ventricular cavity continued 
to shorten for 180 ± 59 ms after initial mitral-septal contact 
(Fig. 13). The proportion of the overall period of left ven-
tricular shortening (that is, from R wave to minimum trans-
verse cavity dimension) that occurred after the onset of 
mitral-septal contact was 49 ± 5%. Transverse left ven-
tricular shortening did not, however, persist completely to 
the time of aortic valve closure (449 ± 45 ms); a relatively 
50 100 150 200 250 350 400 450 
msec after R wave 
brief period of 86 ± 41 ms was present at end-systole, 
during which the transverse ventricular dimension did not 
decrease further. 
Simultaneous measurement of aortic flow velocity and 
pressures. In each of the four patients, peak flow velocity 
occurred early in systole whereas the peak gradient occurred 
later. Rapid mid-systolic deceleration in aortic flow velocity 
was coincident with development of an increasing intra-
ventricular pressure gradient (Fig. 14). The proportion of 
the aortic flow velocity integral present before the onset of 
the gradient was variable, ranging from 6 to 74% (mean 
40); in general, the larger the gradient, the smaller the frac-
tion of aortic flow velocity before the gradient. In each 
patient a significant proportion of forward flow velocity (26 
to 94%; mean 60) was ejected during the phase of contrac-
tion in which a pressure gradient existed. 
Discussion 
Left ventricular outflow tract gradient and dynamic 
obstruction. A subaortic systolic gradient in patients with 
hypertrophic cardiomyopathy has usually been interpreted 
as reflecting obstruction to left ventricular outflow 
(1-19,30,32-38). The gradient does not appear precisely 
at the onset of ejection, but rather is delayed and develops 
at the time of systolic contact between the mitral valve and 
ventricular septum (6,12,36,38,53). Echocardiographic 
studies (6,12,38-40) support the concept that systolic an-
terior motion of the mitral valve is a primary event, pre-
sumably produced when the forces generated by blood ejected 
at high velocity into the narrowed left ventricular outflow 
tract pull the mitral valve leaflets forward toward the septum 
(35,54). It has been inferred that prolonged mitral-septal 
contact constitutes a mechanial impediment to flow and is 
the cause of the subaortic gradient in hypertrophic cardio-
myopathy (5,6,9,11-13,35,36,38-40). 
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Figure 12. Left atrial flow velocity pattern indicative of mitral 
regurgitation in a patient with obstructive hypertrophic cardio-
myopathy. The sample volume is positioned just cephalad to the 
mitral orifice in the parasternal long-axis view. Mitral regurgitation 
is identified as systolic spectral broadening above and below zero 
baseline (arrow) which does not begin until approximately 100 
ms after the first heart sound (SI) and extends almost to the second 
heart sound (S2)' The asterisk denotes the rapid high frequency 
deflection emanating from mitral valve motion within the Doppler 
sample volume. Simultaneous phonocardiogram and lead II elec-
trocardiogram are shown below. 
However, other investigators (21,22,24-27) have ad-
vanced the argument that "true" obstruction cannot occur 
in patients with hypertrophic cardiomyopathy, despite the 
recording of a large subaortic pressure gradient and in-
creased systolic pressures with nonobliterated (blood-filled) 
portions of the left ventricle. These investigators concluded 
that the elevated intraventricular pressures are not artifacts 
recorded in the catheterization laboratory; that is, are not 
produced by physical entrapment of the catheter in areas of 
the left ventricle that become obliterated during systole. 
Nevertheless, they maintain that the gradient is incidental 
and the consequence of early and premature completion of 
mechanical systole by a hyperdynamic ventricle producing 
cavity obliteration (21,22,55) with the high pressure caused 
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by continued isometric contraction after the ventricle is vir-
tually empty. They therefore maintain that the gradient does 
not constitute an impedance to left ventricular emptying and 
is of no pathophysiologic importance. These conclusions 
are based primarily on the observation that patients with a 
large left ventricular outflow gradient exhibit rapid and early 
ejection (that is, 75% or more of total systolic flow ejected 
in the first half of systole and virtually all blood ejected in 
the initial 70% of the systolic ejection period) (20,24,56). 
However, physiologic considerations suggest that the issues 
of whether the pressure gradient is clinically important or 
whether true obstruction exists in hypertrophic cardio-
myopathy do not rest on whether ejection is particularly 
rapid. Rather, the concept of obstruction depends on: 1) 
whether a mechanical impediment to ventricular emptying 
is present; and 2) whether the left ventricle continues to 
work against this impediment throughout systole in the pres-
ence of an abnormally high intraventricular pressure. 
Doppler and other echocardiographic observations in 
obstructive hypertrophic cardiomyopathy. The findings 
of our study are consistent with the generally accepted view 
that the markedly hypertrophied left ventricle in patients 
with hypertrophic cardiomyopathy and a sub aortic gradient 
is indeed hyperdynamic and empties rapidly, leaving a small 
end-systolic volume (l ,2,6,8,20-22,24,27). In our patients 
with obstructive hypertrophic cardiomyopathy, an average 
of about 90% of the integral of the forward flow velocity 
curve occurred in the first half of systole and about 50% 
occurred before the onset of mitral-septal contact or the 
gradient. 
Our data strongly suggest, however, that after an early 
period of rapid unencumbered systolic ejection severe me-
chanical impedance to left ventricular outflow occurs in mid-
systole that is due to marked systolic anterior motion of the 
mitral valve. This view is derived from several observations: 
1) Contact between the mitral valve and ventricular septum 
was prolonged, spanning an average of almost 50% of echo-
cardiographic systole; 2) aortic flow velocity recordings 
demonstrated a substantial deceleration of flow coinciding 
with the onset of mitral-septal apposition (and development 
of the intraventricular pressure gradient); the deceleration 
was considerably more rapid than that observed in normal 
subjects or patients with nonobstructive hypertrophic car-
diomyopathy; and 3) partial mid-systolic aortic valve closure 
occurred concomitant with these events, undoubtedly re-
flecting the abrupt mid-systolic decrease in forward blood 
flow. In addition, in most patients with obstructive hyper-
trophic cardiomyopathy, mitral systolic anterior motion also 
appears to be responsible for redirection of a fraction of the 
left ventricular stroke volume through the mitral orifice 
(32,33,53). This mitral regurgitation, although usually mild 
in degree, probably contributes to the decrease in forward 
aortic flow during mid and late systole and to more complete 
emptying of the left ventricle (33). 
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Figure 13. Mitral valve echograms from pa-
tients with obstructive and nonobstructive 
hypertrophic cardiomyopathy. In obstructive 
hypertrophic cardiomyopathy (A and D), 
marked systolic anterior motion of the mitral 
valve is present with prolonged contact be-
tween the anterior leaflet (arrows) and ven-
tricular septum (VS), persisting for about 50% 
of echocardiographic systole. D, The broken 
vertical line denotes the minimum transverse 
left ventricular cavity dimension, at about the 
time mitral-septal contact terminates. Note 
high frequency mid-systolic sound on si-
multaneously recorded phonocardiogram, 
possibly produced by mitral-septal contact. 
In nonobstructive hypertrophic cardio-
myopathy (C), systolic anterior motion of the 
mitral valve (MV) is absent (arrows). Si-
multaneous phonocardiograms and lead II 
electrocardiograms are shown below. PW = 
posterior left ventricular wall. 
Our findings also establish the critical point that, although 
left ventricular emptying may be accelerated in patients 
with obstructive hypertrophic cardiomyopathy, systole is not 
prematurely shortened. Rather, the period of systolic ejec-
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tion is significantly prolonged, with the ventricle still ac-
tively working and continuing to empty, that is, contracting 
and shortening, after the appearance of systolic anterior 
motion of the mitral valve (and the subaortic gradient) and 
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Figure 14. Simultaneously re-
corded aortic flow velocity, left ven-
tricular (LV) and brachial artery (BA) 
pressures and derived pressure gra-
dient throughout systole in two pa-
tients with obstructive hypertrophic 
cardiomyopathy. Left, Patient with 
a marked subaortic pressure gradient 
of 135 mm Hg and a "bifid" aortic 
flow velocity profile, A relatively 
small fraction of aortic flow (12%) 
occurs in early systole before onset 
of the gradient (lined area), while 
the vast majority of forward flow oc-
curs coexistent with the pressure gra-
dient (stippled area), In mid-sys-
tole, flow returns to zero baseline at 
the time the gradient is maximal, 
Right, Patient with a pressure gra-
dient of 65 mm Hg. A much greater 
proportion of the forward aortic flow 
velocity integral (79%) is ejected in 
early systole before the onset of the 
gradient (lined area) and a relatively 
small proportion of forward flow 
(21 %) occurs while a pressure gra-
dient is present (stippled area). In 
mid-systole, flow returns to zero 
baseline at the time the gradient is 
maximal. In late systole, the gradient 
persists although flow is not detect-
able by Doppler recording just be-
fore aortic valve closure. Lead II 
electrocardiograms (ECG) are shown 
below. 
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hence, while high intraventricular pressures are being gen-
erated. The following observations in patients with obstruc-
tive hypertrophic cardiomyopathy support this concept: 1) 
Left ventricular ejection time measured from the carotid 
pulse or aortic valve echogram is almost invariably pro-
longed (4). 2) Doppler recordings in the mid-left ventricular 
cavity and outflow tract demonstrated that the ventricle was 
usually ejecting blood continuously to the second heart sound. 
3) The left ventricular cavity continued to shorten for a 
considerable proportion of systole after the onset of mitral-
septal apposition (and, hence, after the appearance of the 
subaortic gradient). 4) Doppler flow velocity waveforms in 
the aorta demonstrated that forward systolic flow usually 
does not cease prematurely, In 80% of our patients, the flow 
velocity contour was "bifid" with a large early peak fol-
lowed by a second much smaller peak representing the flow 
velocity of that fraction of the left ventricular contents which 
remains in the ventricle in late systole. Such flow velocity 
profiles are similar to those reported by other investigators 
(57-60). The apparent absence of late systolic flow velocity 
in 20% of our patients is probably due to the fact that forward 
flow was so greatly diminished that it was not detectable 
with currently available Doppler instrumentation. 5) A vari-
able but substantial fraction of forward blood flow velocity 
occurred during the time mitral systolic anterior motion and 
presumably a significant pressure gradient were present; this 
fraction averaged over 40% when the onset of the gradient 
was taken as the time of initial mitral-septal contact (6), 
and about 60% when the gradient was directly measured at 
catheterization. Similarly, Pierce et al. (56) analyzed aortic 
flow at operation (before myotomy-myectomy) utilizing an 
external electromagnetic flow probe, and found that 70% 
of the left ventricular stroke volume was ejected while a 
pressure gradient existed. 
Comparison of obstructive and nonobstructive hy-
pertrophic cardiomyopathy. Murgo et al. (24) investi-
gated 25 patients with hypertrophic cardiomyopathy utiliz-
ing a multisensor catheter to measure left ventricular and 
aortic pressures and aortic flow velocity simultaneously and 
reported that left ventricular ejection time was completed 
early in systole in all patients studied, independent of whether 
an intraventricular gradient was present. These investigators 
concluded that a gradient in hypertrophic cardiomyopathy 
cannot be of any particular significance if all patients with 
hypertrophic cardiomyopathy demonstrate identical left ven-
tricular ejection dynamics. However, our findings differ 
substantially from those of Murgo et al. (24). We have 
shown that patients with nonobstructive hypertrophic car-
diomyopathy manifest left ventricular ejection dynamics that 
are similar to those of normal subjects and differ distinctly 
from those of patients with obstructive hypertrophic car-
diomyopathy. Our patients with nonobstructive hyper-
trophic cardiomyopathy showed no evidence of mechanical 
impedance to outflow; mitral systolic anterior motion was 
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absent, the aortic valve remained widely open throughout 
systole and ejec;tion time was usually normal and substan-
tially shorter than in patients with obstruction. Furthermore, 
ascending aorta (and left ventricular outflow tract) flow ve-
locity waveforms showed patterns virtually identical to those 
recorded in normal control subjects, with forward flow clearly 
persisting to aortic valve closure. These findings are similar 
to those described by Boughner et al. (60) and more recently 
by Gardin et al. (61) utilizing Doppler echocardiography. 
Conclusions. Investigators who have opposed the con-
cept that true obstruction exists in hypertrophic cardio-
myopathy (21,22,24,27,62) have argued that flow cannot 
be significantly impeded in a left ventricle in which a sub-
stantial proportion of the stroke volume is ejected before 
the gradient is maximal. Our observations support the view 
that although the left ventricle is hyperdynamic with supra-
normal ejection, mechanical obstruction to forward flow 
does occur, with a significant portion of the total left ven-
tricular contents impeded in its egress by interposition of 
the mitral leaflets into the left ventricular outflow tract. Most 
importantly, this produces a markedly increased intraven-
tricular pressure, with the left ventricle continuing to work 
and empty (that is, contract and shorten) during the time 
mitral systolic anterior motion and the sub aortic gradient 
are present. We contend that such a situation satisfies the 
physiologic meaning of obstruction. In addition, an abnor-
mally high intraventricular pressure is likely to be of patho-
physiologic importance and detrimental to the left ventri-
cle, in that it must lead to excessively high myocardial 
oxygen demand and chronically to progressive hypertrophy. 
This is not meant to minimize the potential clinical impor-
tance of diastolic abnormalities in patients with hypertrophic 
cardiomyopathy (21,25,27,63). However, our data sub-
stantiate that true obstruction to left ventricular outflow also 
exists in some patients with hypertrophic cardiomyopathy. 
Therefore, it does not appear that current concepts con-
cerning operative intervention in hypertrophic cardio-
myopathy should be revised (13-19); abolition of the gra-
dient and normalization of intraventricular pressures by septal 
myotomy-myectomy remain a rational therapeutic objective. 
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